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In a preliminary report in 1910, Dr. Ralph H.
Spangler1 reported the results of the treatment of eleven
eases of epilepsy by injections with a solution of the
venom of the rattlesnake (Crotalus horridus). In a
second paper2 he reported on fifty-one additional cases
treated with rattlesnake venom. Since then there have
appeared reports from others on the use of solutions of
crotalin for the treatment not only of epilepsy, but also
of certain other conditions, including tuberculosis, all
based on purely empiric grounds.
I shall not discuss at this time whether or not rattle-

snake venom is a cure for epilepsy, nor shall I enter into
an analysis of the reported effect on the course of the
disease of the venom treatment; but I think it proper to
state that it hardly seems permissible to conclude from
the published reports that the treatment was of any
very great permanent benefit.
In the second paper Spangler gives certain informa-

tion on the method of preparation of the venom solu¬
tion, dosage, local reaction, and other matters connected
with the treatment. The points which, at this time,
mostly concern us are in regard to the solution and the
local reaction.
It is stated in the paper that the solution used should

be "as near a standard and as uniform as possible," and
that it consists of the "dried, crystal-like scales, from
the venom of Crotalus horridus, dissolved in sterile
water, to which has been added a few drops of trikresol
for its preservative and antiseptic effect." "This sterile,
antiseptic solution" is dispensed in sterile ampules con¬

taining one dose each.
In view of what is said later it will be apparent to

every one that a sterile solution is not always dispensed :
on the contrary, solutions prepared, as suggested, have
been found to contain dangerous bacteria, and death has
resulted from the use of such a solution. If by a

"standard, uniform solution" is meant a solution of
uniform toxicity for equal weights of dried venom, it is
difficult to understand how such a standard solution can

always be obtained, especially since Noguchi states that
different observers estimate that the loss in weight by
drying of the fresh venom is from 25.15 to 50 per cent.
Spangler states that patients vary greatly as to the

1. Spangler, R. H. : New York Med. Jour., Sept. 3, 1910.
2. Spangler, R. H.: New York Med. Jour., Sept. 9, 1911.

swelling, erythema and cellulitis produced by the injec¬
tion of rattlesnake venom, and that even in the same

person great variation is noted in the local reaction.
He says that at times 1/100 grain will cause a more severe
local reaction than will 1/50 grain at another time. This
to my mind is more probably an indication of the lack
of uniformity in the strength of the venom solution than
of variation in susceptibility of the individual. He
emphasizes the statement that a good local reaction is
necessary to produce a systemic effect, and that the
"value of the treatment bears a direct relation to the
presence of a satisfactory local reaction."

There can hardly be any doubt that a severe local
reaction is likely to make a more profound psychic
impression, but there also can be little doubt that a
severe local reaction is more likely to invite secondary
infection, and especially to favor the growth in the
tissues of certain anaerobic bacteria such as were found
in the tissues of the fatal case referred to in this paper.
This brings up another very important point in regard
to the dangers of the use on almost empiric grounds of
rattlesnake venom for the treatment of certain diseases.
Weir Mitchell many years ago pointed out the great

possibility of a secondary infection in a subject which
survives the acute action of rattlesnake poison, and also
called attention to the rapid decomposition following
death from snake venom.

Welch and Ewing in 1893 showed that rattlesnake
venom has the property of almost completely destroying
the bactericidal power of the blood. This work was
confirmed and extended by Flexner and Noguchi, so that
we now know that the defenses of the body against bac¬
terial invasion, even if it survives the acute intoxication
of the venom, are greatly reduced or abolished by the
antibactericidal properties of snake venom.

The patient on whom the venom is used, then, not
only has the possibility of infection from the harmful
bacteria that may be present in the solution of venom
used for injection, but also is exposed to the liability of
a secondary infection through the breaking down of the
natural defenses of the body by the loss of the anti-
bactericidal power of the blood consequent on the action
of the venom.
Mention has previously been made of the death of an

epileptic who had been receiving the venom treatment.
This person died as a result of infection contained in a
solution of venom which, when bought, was not sterile
and which contained pathogenic bacteria. An abstract
of the history of this fatal case is as follows :

W. H., aged 15, with negative family history, had never been
a healthy, robust child, and for the past nine years had
suffered from idiopathic epilepsy, which his mother states
came on after an attack of malaria when 6 years old. During
these nine years he had received treatment and been under
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the care of the best authorities which his parents could afford.
In spite of this close care and attention his condition
steadily grew worse and at the time of reporting for treat¬
ment he was having from twelve to sixteen attacks per month
and his condition looked hopeless.
His parents were very anxious to try anything which held

out any hope for him, and at the suggestion of a friend of
theirs they became interested in the crotalin treatment of
epilepsy and asked to have the treatment administered. The
crotalin ampules used in this case were obtained from a

dealer, and in order to guard against any outside infection
a very careful aseptic technic was carried out at the time of
each injection and these injections were given as follows:

Ihjec- Dosage Injec- Dosage
tion Date grain tion Date grain
1. January 18. 1013.... 1/200 10. March lô. 1/50
2. February 3. 1/100 11. March 10. 1/50
3. February 8. 1/75 12. March22. 1/50
4. February13. 1/75 13. March25. 1/50
5. February 18. 1/50 14. March29. 1/25
6. February 24. 1/50 15. April 2. 1/25
7. March 1. 1/50 16. April 5. 1/25
8. March 5. 1/50 17. April 9. 1/25
0. March 10. 1/50 18. April 12. 1/20

In all, eighteen injections were given and they usually were
followed by a' slight rise in temperature, pulse and respira¬
tion, and with considerable pain and swelling in the vicinity
of the injection which would disappear in about three days.
The patient soon acquired a tolerance for the venom, which

necessitated stepping it up rather rapidly until 1£0 grain was

given. After receiving nine doses of i^g grain he acquired such a

marked tolerance that very little reaction was obtained from
the last two doses, and it was then increased to ],i>s grain
for four doses, after which the last dose. 14o grain, was given,
which caused death five days later. At times some of the
treatments produced very marked reactions, causing at the
site of injection considerable cellulitis, which would subside
by the fifth day, while others were very mild in reaction.
The last injection, under careful aseptic conditions, was

given in the biceps of the right arm about 2 p. m., April 12,
and the following morning he had a marked epileptic seizure
which was followed by six milder ones during the following
eight hours. He was seen that day about 2 p. m., and found
considerably exhausted from the seizures, temperature 100.S,
pulse 84, respiration 24, and right arm considerably swollen
and quite painful. An enema was given at once with good
results, and scopolamin hydrobromid by the mouth every
three hours.
April 14, temperature 99.5, pulse 80, bowels well open, arm

quite painful and considerably more swollen than on previous
day. Ice applied to arm.

April 15, temperature was 99.4, pulse 84, and swelling in
arm about the same; but arm was very painful on the slight¬
est movement; patient was taking nourishment fairly well
and bowels were open. Veronal was given to produce sleep.
April 16, patient was very restless, and during the night

the swelling had increased very rapidly and when seen at
9 a. m. it had extended up into the shoulder and right anterior
chest wall. Temperature was 99.4, pulse 90 and pain very
marked, and the heart was beginning to show the effects of
an infection. Up to this time, owing to the low temperature
and pulse, experience of previous reactions, and the very
careful aseptic technic used in administering the venom, it
was thought that the pain and swelling were due to an

unusually severe reaction, but it was now evident that the
patient was suffering from a rapidly progressing infection.
At 11 a. m., when the patient was transferred to the hos¬

pital, it was recognized that a fatal termination was probable,
but multiple incisions were made. A quantity of extremely
odorous pus liberated and drainage established. In spite of
supportive treatment, however, death resulted on the morning
of April 17.
A capsulated organism was found in the odorous material

from the arm.
The crotalin ampules used for the last two injections were

from a lot received April 7, 1913. Six of the remaining ten

ampules from this lot were used for bactériologie examina

tion, with the result that an organism was isolated which, in
its pathologic effect on laboratory animals, produced a con¬

dition similar to that observed in the patient, and was similar
to the one cultivated from the pus from the patient's arm-

The laboratory findings set forth in the foregoing
report show beyond a reasonable doubt that the death
of this person was due to the presence in the crotalin
solution of pathogenic bacteria. The chain of evidence
implicating the crotalin solution as the cause of death
is made almost complete by the finding in the remain¬
ing ampules of the same lot of crotalin solution of an

organism similar, in its effect on animals, to the organ¬
ism found in the pus from the fatal case.
After the death of this person from the crotalin injec¬

tion other samples of crotalin solution were obtained
from the same manufacturer and an organism was cul¬
tivated from those samples apparently identical in its
effect on laboratory animals to that isolated from this
fatal case.

The facts set forth above are evidence of the truth of
the statement previously made that solutions of crotalin,
as prepared and sold, are not always sterile; and that
solutions which contain dangerous bacteria have been
sold and death has resulted from their use.

As the preparation and interstate sale of solutions of
venom come under the provision of the federal law
approved July 1, 1902, regulating the manufacture and
interstate sale of viruses, serums, toxins and similar
products, it seemed that a study of venom solutions was
a timely subject for the attention of the Hygienic Labo¬
ratory. Accordingly, samples of crotalin solutions, pre¬
pared by several different firms, samples of crotalin in
tablets, and also a number of lots of dried rattlesnake
venom were obtained from various sources. With these
various materials cultures and certain animal inocula¬
tions were made. The samples of crotalin solution were

bought in the open market and were such as would be
obtained and used by any physician for the treatment
of those conditions for which rattlesnake poison has
been recommended. The solution was put up in sealed
glass ampules, and, according to the labels, each ampulecontained just one dose. The amount of venom in each
ampule varied from V2oo to 1/25 grain.
The samples examined were tested for sterility and

for the presence of rattlesnake venom. The sterility
test was made by planting 5 or 6 drops of the crotalin
solution, usually in each of a pair of freshly heated
glucose-broth fermentation tubes, which were then
placed in the incubator at 37 C. (98.6 F.). With few
exceptions, all of those tubes that showed a growth
did so within twenty-four hours. This was usually
manifested by clouding of the broth in the closed arm
of the tube, accompanied by more or less gas formation,
simetimes as high as 85 per cent, of the length of the
tube.

Summarizing "the results of the cultural work with
the samples of crotalin solution, it is sufficient to state
that there were tested for sterility ninety-five ampules of
crotalin solution, prepared by four different firms,
thirty-five of which (38.8 per cent), were found not
to be sterile. It is proper to state that in the great
majority of instances the contamination of the crotalin
was found to be with anaerobic organisms, and to all
appearances usually with a certain anaerobic bacillus.

Tn addition to the samples of crotalin solution
reported on above there were examined twelve tablets
of crotalin prepared and sold for hypodermic use. Every
tablet examined was found not to be sterile, and while

Downloaded From: http://jama.jamanetwork.com/ by a University of Arizona Health Sciences Library User  on 06/09/2015



the contamination was shown to be due to more than
one organism, in each tablet, however, an anaerobic
bacillus was obtained.

The test for the presence of venom was made by the
subcutaneous inoculation of the contents of ampules
from each lot of venom solution and of tablets. Guinea-
pigs weighing about 200 gm. were used. As controls,
guinea-pigs were inoculated with similar amounts of
freshly prepared solution of venom from four different
sources. In every sample of crotalin solution or tablets
examined the presence of rattlesnake venom was shown
by an effect on animals similar to that produced by the
control inoculations of freshly prepared venom solutions.
An attempt was made in these tests to determine

whether there was a variation in the activity of the
solutions prepared by the same or different manufac¬
turers or in the solutions prepared in the laboratory
from different lots of crude venom. It was found that
it was not possible without the use of a very large num¬
ber of animals to determine the extent of variation,
but it was definitely demonstrated that a variation in
the solutions did exist. This variation was found to
exist, not only in the solutions bought on the open
market, but also in the solutions prepared from the four
lots of crude venom from different sources. This is not
unexpected in view of the previous reference to Nogu-
chi's statement as to the variation in loss of weight in
crude venom by drying, and shows anew the difficulty
of preparing solutions of uniform venom content for
equal weights of different lots of venom.
In the testing of the different samples of crotalin

solution bought on the open market for the presence
of crotalin, it was found that some of the animals died
from infection with the contaminating bacteria found
by cultural methods to have been present in the same
lot of crotalin. For example, a guinea-pig received the
contents of an ampule marked to contain 1/100 grain
of crotalin. About twenty-five and a half hours after
the injection the animal was found dead. At necropsy
the body was found swollen and emphysema was present
in the tissues of the neck. A sanious fluid was oozing
from the puncture made by the injecting-needle. The
abdomen was distended with gas and the liver was pale,
mottled and showed areas of gas bubbles. The thorax
was distended witli gas. Cultures were made from the
heart's blood in glucose-broth, and these cultures showed
gas formation in the closed arm of the tubes. This
fermentation was believed to have been due to an organ¬
ism similar to that isolated from the crotalin solutions.
A few tests were made to determine the variety and

number of bacteria in freshly prepared solutions of
crotalin made from dried snake venom, but it was found,
as has been previously shown by others, that the bacteri¬
cidal properties of the venom interfered so much that
the results were unsatisfactory. The same, of course,
was true of the solutions of crotalin bought on the
open market, but in these there was an additional com¬

plicating factor present. Most, if not all, of the solu¬
tions of crotalin sold contain trikresol as a preservative,
and this acts as an additional restrainer of the growth of
any bacteria that may be present in the solutions.

These two factors—the bactericidal power of the
venom and the antiseptic power of the preservative—
have an important and, it is believed, neglected, bearing
on any sterility tests that may be made by the dispensers
of crotalin solutions. I think it can be accepted that
the dried venom always contains a great or less number
of bacteria. This must be so when we consider the

habits of the reptile from which the venom is secured
and the methods used for obtaining it from the snake,
and of drying and preserving after it is obtained. Such
being the case, it is of course fully apparent that cul¬
tural tests, unless very carefully done, may not always
reveal the presence of bacteria, which it has been shown
may sometimes be harmful, when they are present.
This possibility of there being present pathogenic bac¬
teria difficult of detection, taken with the further fact
that one of the effects of rattlesnake venom is to reduce
or abolish the normal bactericidal power of the body-
fluids, emphasizes the possibility of serious harm from
the subcutaneous injection of solutions of rattlesnake
poison.

To the two dangers just mentioned there should be
added that of the favorable conditions for the growth in
the area injected of anaerobic bacteria by reason of the
local necrosis of tissue from the specific action of the
venom thereon.

Subcutaneous injections of crotalin solutions have
been recommended for a great variety of morbid condi¬
tions differing as widely in their etiology and pathologv
as epilepsy and tuberculosis. Among the conditions for
which it has been advised may be mentioned epilepsv.
lumbago, sciatica, neuritis, neuralgia, chorea, nerve

exhaustion, bronchitis, asthma, hay-fever, insomnia,
debility, pleurisy and tuberculosis, and there may be
others. This is truly, a formidable list for any thera¬
peutic agency to control, and until more weighty evi¬
dence is produced than is at present available as to the
value of the treatment for these so diverse conditions
it would seem that the possible dangers inherent in the
treatment itself should demand the utmost caution in
its use.

THE INFLUENCE OF DIET ON HEPATIC
NECROSIS AND TOXICITY OF

CHLOROFORM
EUGENE L. OPIE, M.D.

AND
LELAND B. ALFORD, M.D.

ST. LOUIS

The destructive action of chloroform on the cells of
the liver has long been recognized. Chloroform admin-
istered in sufficient quantity to animals by inhalation
or by stomach causes necrosis implicating the center of
each lobule of the liver, perhaps extending four-fifths
of the distance from the central vein to the surrounding
portal spaces. The poison exhibits a peculiar affinity
for the hepatic cells, for, whereas parenchymatous cells
of other organs such as the kidney and heart undergo
injury exhibited by fatty degeneration, wide-spread
necrosis is limited to the liver.
The occurrence of the same change in man is demon-

strated by delayed chloroform poisoning, which occa-

sionally follows the administration of chloroform for
anesthesia. In association with excitement, delirium,
coma and other symptoms referable to the nervous sys-
tem, jaundice appears and increases in severity. Crys-
tals of leucin and tyrosin in the urine may suggest
advanced protein disintegration referable in the pres-
ence of jaundice to disintegration of hepatic tissue.
After death the liver is enlarged and exhibits advanced
necrosis beginning in the centers of the lobules.

From the Pathological Laboratory of the Washington Uni-
versity Medical School.
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